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[57] ABSTRACT

A process for combating micro-organisms in or on or-
ganic or inorganic substrates and for protecting the said
substrates against attack by micro-organisms, which
comprises treating the substrates with a water-soluble
phthalocyanine derivative, in the presence of oxygen
and water and while irradiating with light in the infra-
red and/or visible range, antimicrobical agents contain-
ing water-soluble phthalocyanine compounds as well as
new phthalocyanine compounds are described.
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 PROCESS FOR COMBATING
MICRO-ORGANISMS, AND NOVEL
PHTHALOCYANINE COMPOUNDS

‘This is a continuation of application Ser. No. 888 589_

filed on Mar. 20, 1978, now abandoned.
The present invention relates to a process for combat-

Ing miCro-organisms, especially bacteria, in or on or-
ganic or inorganic substrates and for protectlng the said
substrates against attack by micro-organisms, and to
agents for combatmg micro-organisms and also to novel
phthalocyanine compounds |

It is known that certain dyes, for example eosin, Ben-
gal Rose, methylene blue and others, have a so-called
photodynamic action, i.e. on irradiation with light, they
act as catalysts for the oxidation of various substrates

with oxygen [see, for example, G. O. Schenck Angew.
Chem. 69, 579 (1957)]. Because of thlS prOperty, the said

dyes also have a certain antimicrobial action [see, for

example, Venkataraman, The Chemlstry of Synthetic

Dyes, Volume 4 (1971) pages 502-505 and C. J. Wallis,

- J. L. Melnick, J. Bacteriol. 89, 41 (1965)].

It has now been found that a specific group of com-
pounds, i.e. water-soluble phthalocyanine compounds,
‘have, in the presence of oxygen and water and on irradi-
ation with light, a particularly good action against mi-
cro-organisms, as a result of photodeactivation. Water-

soluble phthalo-cyanine compounds, for example the

copper, nickel and cobalt complexes of sulphonated
phthalocyanine, but also metal-free sulphonated phtha-
locyanine, are well-known as dyes. Other phthalocya-
nine compounds preferably used in the process accord-
ing to the invention are, however, novel.

The invention thus relates to a process for combating
mICro-organisms in or on organic or inorganic sub-
strates and for protecting the said substrates against
attack by micro-organisms and comprises treating the
substrates with water-soluble phthalocyanine com-
pounds, in the presence of oxygen and water and while
irradiating with visible and/or infrared light.

The invention also relates to agents which are suit-
able for carrying out this process. The invention fur-
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‘thermore relates to novel phthalocyanine compounds -

and the use thereof as photodeactwators for micro-
- organisms.

The water-soluble phthalocyanine compounds re-
quired for carrying out the process according to the
invention are preferably metal complexes but also
phthalocyanines without a central atom.

If they are to have the necessary solubility in water,
the phthalocyanine compounds mentioned must be sub-
stituted on the phenyl nuclei by one or more groups
conferring solubility in water. These groups can be
either acid or basic groups. Some examples of such
groups are listed below, but this list in no way includes
all the possible groups. " |

- (a) Sulpho and carboxyl groups and thelr salts. There
can be 1 to 4, and preferab]y 1.5 to 4, sulpho groups in
the molecule. Salts are, in particular, alkali metal salts,
ammonium salts or amine salts and in the case of the
sulphu groups also salts with sulphonium and phospho-
nium bases. In addition, sulpho groups and carboxyl
groups can also occur conjomtly ' one molecule.,

(b) Groups of the formula
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(1)

—302—X-

in which X is oxygen or a —NH— or —N-alkyl radical
and R and R; independently of one another are hydro-

- gen, a sulpho group and salts thereof, a carboxyl group

and salts thereof or a hydroxyl group, at least one of the
radicals R; and R being a sulpho or carboxyl group or
a salt thereof.

(c) Groups of the formula

(2)

—CH)—Y,

in which Y is oxygen, sulphur or a —NH-— or —N-
alkyl radical and Rjand R;are as defined under formula
(., - -
(d) Groups of the formula

R, (2a)

Ry

in which R, and R; are as defined under formula (1).
(e) Groups of the formulae

| —sog(cnz),,—so;;m
lll?
~S0;N—(CH>),,—0S0M

(3)
(3a)
(3b)

in which n is an integer from 2 to 12 and preferably the
number 2, R7 is a substituted or unsubstituted alkyl
group having 1 to 6 carbon atoms, or hydrogen, and M
1s an alkali metal ion or ammonium ion.

() Groups of the formulae

| (4)
—S0;—X)=(CHy),—N o

(4ai

in which n is a number from 2 to 12, X is oxygen or a
—NH— or —N-alkyl group and Rj and R4 indepen-
dently of one another are hydrogen, alkyl, hydroxyal-
kyl, cyanoalkyl, sulphoalkyl, carboxyalkyl or halogeno-
alkyl having 1 to 6 carbon atoms, unsubstituted phenyl
or phenyl substituted by halogen, alkyl or alkoxy hav-
ing 1 to 4 carbon atoms, sulpho or carboxyl, or R3 and
R4 together with the nitrogen atom to which they are
bonded form a saturated 5-membered or 6-membered
heterocyclic ring, which additionally can also contain a
nitrogen atom or oxygen atom as a ring member.
Amongst the 5-membered or 6-membered rings

| (R3+R4) the morpholine, piperidine, pyrazoline, piper-

azine and oxazolidine radical are preferred.
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(g) Groups of the formulae
R3 (5)
/
N ,
N
— (502X 1)m Ra
Rj (6)
/
N ,
\
—CHy—Y R4
R3 (6a)
CH,—Y;—(CHj) N/ d
- 25 Y1 v} T an
AN
R4
R7 (6b)
Rj
/
—CH>~N
N\
R4

in which n, R3, R4and R7yare as defined above, mis O or
1, X1is oxygen or a —NH— or —N-alkyl group and Y
is oxygen, sulphur or a —NH— or —N-alkyl group.

(h) Groups of the formulae
/ (7)
—(CHp)m—N \ ,_
CIS -
— (7a)
&
—CH;—N~_ N CI9,
\__/
/Rs (8)
“(CHz)m*-% 79 and
AN
Re
NRsRg (9)
/
—(CHy)m—8=C ,
N\
Ci® NRsRg

in which m1s 0 or 1, Z 1s an anion, for example a chlo-
rine, bromine, alkyl-sulphate or aralkyl-sulphate ion,
and Rsand Rgindependently of one another are a substi-
tuted or unsubstituted alkyl or aralkyl radical. The
group of quaternary ammonium salts also includes those
compounds which are obtained by quaternising groups
listed under (f) and (g).

In the above formulae, X and Y are preferably
—NH— or —N-alkyl. Halogen is preferably chlorine or
bromine, especially chlorine.

The obtaining of an adequate solubility in water de-
termines the number of substituents present in the mole-
cule. If several groups conferring solubility in water are
present in the molecule, these groups can be of the same
type or different. As is customary in phthalocyanine
chemistry, the degree of substitution does not necessar-
ily have to be an integer, since products which are
single compounds are not always formed from the
method of preparation, for example sulphonation. In
general, the total number of substituents per molecule is
between 1 and 4.

The solubility in water of the particular phthalocya-
nine compound is adequate when the concentration of
the compound in an aqueous solution is suitable for
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4

achieving a satisfactory microbicidal actions as subse-
quently set forth. A minimum solubility of 0.01 g/I can
already be adequate but in general a minimum solubility
of 0.1 to 20 g/l is advantageous. In addition to the

groups conferring solubility which have been listed, all
other groups which impart the required solubility in

water to the phthalocyanines are also possible.

In addition to the groups conferring solubility in
water, the phthalocyanines which can be used accord-
ing to the invention can also contain yet further substit-
uents, for example reactive radicals customary in dye
chemistry, such as chloropyrazine, chloropyrimidine
and, in particular, chlorotriazine radicals.

As already mentioned, either metal-free phthalocya-
nines or metal complexes thereof can be used in the
process according to the invention. Metal complexes
are those of all metals which form complexes with the
phthalocyanine compounds. Preferred complexes, how-
ever, are those with aluminium, zinc, calcium, magne-
sium, iron-II, potassium and sodium, but especially alu-
minium, zinc, calcium and magnesium, in particular
aluminium and zinc and very particularly aluminium.

The process according to the invention can be carried
out particularly advantageously when the active com-
pound employed is a water-soluble phthalocyanine of
the formula

(Me),n(PCH-(R), (10)
in which PC is the phthalocyanine ring system, v has
any desired value between 1 and 4, Me is Zn, Fe(II), Ca,
Mg, Na, K or AlX, in which X is an anion, especially a
halide, sulphate, nitrate, acetate or hydroxyl ion, m 1s O
or 1 and R 1s a group of the formula

—3503Y, (11)

(12)

~—S0;—N ,

|
R+

(13)
~302=N-—(CH3),y—N

VN

R7
(14)

- SOHr—N

R+
(135)

-—S0Oy-—N
Ra

in which Y is hydrogen or an alkali metal, ammonium
or amine ion, R7 i1s hydrogen or alkyl having 1 to 4
carbon atoms, n' 1s an integer from 2 to 6, Ry and R
independently of one another are hydrogen, a sulpho
group and salts thereof, a carboxyl group and salts
thereof or a hydroxyl group and at least one of the
radicals R and R 1s a sulpho or carboxyl group or a salt
thereof, and R3and R41ndependently of one another are
hydrogen, alkyl, hydroxyalkyl, cyanoalkyl, sulphoal-
kyl, carboxyalkyl or halogenoalkyl having, in each case,
1 to 6 carbon atoms, or phenyl, or R3 and R4 together
with the nitrogen atom to which they are bonded are a
saturated S-membered or 6-membered heterocyclic
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'ring, which additionally can also contain a nitrogen
atom or oxygen atom as a ring member, and, when

several radicals R are present in the molecule, these
radicals can be identical or different, and all the radicals
R are bonded to the pheny] IlllClEl of the phthalocyamne
ring system |

Preferably, the process: accordmg to the invention is

carried out with phthalocyanine derivatives cont_ammg |

acid substituents, and the metal complexes thereof, in
| partlcular with those whlch are substituted by sulpho

10

and/or carboxyl groups, in particular with sulphonated -
phthalocyanmes and metal complexes thereof espe-

mally w1th those of the formula |

(ME)m(PC-)—(SC?sY )..» - (16}
in which PC is the phthalocyanine ring system, Y’ is
hydrogen or an alkali metal or ammonium ion, v is any
desired number between 1 and 4 (the degree of sulpho-
nation), m is O or ] and Me is Zn, Fe(II), Ca, Mg,Na, K
or AlX, in which X is an anion, especially a hallde

sulphate, hydroxyl or acetate ion.

In the case of aluminium complexes, the molecule
also contains an anion X in order to saturate the third
- valency of the aluminium ion; this anion is of no signifi-
cance for the mzcroblmdal action and is usually identical
to the anion of the aluminium compound which has
been used to prepare the complex.

Particularly  preferred compounds are the
phtha]ocyamnesulphomc acids and their derivatives
(for example alkali metal salts, ammonium salts or amine
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salts) and their Zn, Al, Ca and' Mg complexes, especially '

the Zn complexes but in ‘particular the Al complexes.
The number of sulpho groups present in the phthalocya-
nine molecule can be between 1 and 4 and especially
“between 1.3 and 4. As a rule, mixtures are obtained from
the sulphonation of phthalocyanines (see Preparation),
“so that the number of sulpho groups is an average value
and does not have to be an integer (degree of sulphona-
tion). A degree of sulphonation of about 2 is particularly
~ advantageous for the process accordmg to the inven-
tion. Phthalocyanmes which are preferably to be em-

ployed are, therefore, for example
AICIPC(SO3H)1 3.3 -

o Can
~ and |

B _ZnPC(SOsH)z | (18)
(PC phthalocyamne) and their salts.

- The phthalocyanines which contain basic substltuents
and are substituted by groups of the formula (4) or (4a)
mentioned mltla]ly under (f) also have a very good
action. The total molecule advantageously contains 1 to
4, and preferably 2 to 4, of these groups. Preferred
groups are those in which n is 2 to 6 and R3and R4 are
hydrogen or lower alkyl (1 to 4 carbon atoms), or to-
gether are a piperidine or morpholine ring. These
- phthalocyanines containing basic substituents can be
metal-free or can contain, as central atoms, the same
metals as the phthalocyanmesulphomc acids described
above. In this case also the zinc complexes, but espe-
cially the aluminium complexes are preferred.
Phthalocyanmes of this type which can be employed

- in the process accordmg to the mventlon are, for exam-
p]e of the formula S
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Ry (19)
| /
(Me)m(PC SO2—NH—(CHz),y—

R4

¥

in which PC, Me and m are as defined in formula (10),

n’ 1s an integer between 2 and 6, R3’ and R4’ indepen- '

dently of one another are hydrogen, phenyl, sulphophe-
nyl, carboxyphenyl or alkyl, hydroxyalkyl, cyanoalkyl,
sulphoalkyl, carboxyalkyl or halogenoalkyl having, in
each case, 1 to 6 carbon atoms, or together with the
nitrogen atom are the morpholine ring, and v is a num-
ber between 1 and 4, and, if v>1, the radicals

Rj' |

(20)
/

- —S0y==NH—(CH),y—NMN
| N

present in the molecule can be identical or different.
Further phthalocyanines which are very suitable for

use in the process according to the invention are of the
formula

(SO3Y"),,

(Me)(PC)

(21)

Ry’
| /
802_{' NH_(CHZ)!JF]M'N

R4

W]

in which PC, Me'and m are as defined in formula (10),
Y’ is hydrogen or an alkali metal or ammonium ion, n’ is

an integer between 2 and 6, R3’ and R4’ independently

of one another are hydrogen, phenyl, sulphopheny],
carboxyphenyl or alkyl, hydroxyalkyl, cyanoalkyl, sul-
phoalkyl, carboxyalkyl or halogenoalkyl having, in
each case, 1 to 6 carbon atoms, or together with the
nitrogen atom are the morpholine ring, m’ is 0 or 1 and

w and wi independently of one another are any desired

number between 0.5 and 3, and w-+wiis at least 1, but

at most 4.

Like the sulphonated phthalﬁcyanlnes the phthalo-

cyanine compounds of the formulae (19) and (21) can be

metal-free; however, the metal complexes, especially
those with Ca, Mg, Zn and Al, in particular those with:
Zn and especially with Al, are preferred.

The phthalocyanine compounds which can be em-
ployed mn the process according to the invention require
the presence of oxygen and water and also irradiation
by visible and/or infrared light in order to develop their

- antimicrobial activity. The process is therefore gener-

60

65

ally carried out in aqueous solutions or on damp sub-
strates and atmospheric oxygen serves as the source of
oxygen. In the presence of reducing agents or so-called
quenchers, the active substances loose their action.

- lllumination can be by an artificial light source which
supplies light in the infrared and/or visible range, or
alternatively by sunlight. A good effect is achieved; for
example, by light in the range between about 600 and
2,500 nm. Thus, for example, irradiation can be by
means. of a commercially available filament lamp or by

means of an infrared lamp with a A4« at about 1,200 to
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1,600 nm. The intensity of illumination can vary be-

tween wide limits. It depends on the concentration of
the active substance and on the nature of the substrate

and on the substances additionally present which have
an influence on the luminous efficiency. As a further
parameter, the exposure time can be varied, i.e. for the
same effect, a longer exposure 1s required at a lower
light intensity than at a higher intensity. In general,
depending on the field of application, exposure times of
a few minutes up to several hours are possible.

It the process 1s carried out in an aqueous bath (for
example disinfecting of textiles), either the irradiation
with light can be carried out direct in the treatment
bath, by means of an artificial light source located
within or outside the said bath, or the substrates, in the
damp state, can subsequently either also be illuminated
by an artificial light source or exposed to sunlight.

Good antimicrobial effects can already be achieved
with lower concentrations of active substance, for ex-
ample with 0.01 ppm. A concentration of between 0.05
and 100, and preferably 0.01 and 50, ppm is preferred,
depending on the field of application and depending on
the phthalocyanine derivative employed. Since the ac-
tive substances are dyes, the upper concentration limit is
given by the value above which, on the one hand, an
undesired staining of the substrates and, on the other
hand, a decrease in the action, would be observed. The
poorer action results from the increasing absorption of
light in the coloured application solutions and the fact
that the light intensity resulting therefrom is too low for
the photodynamic oxidation. The upper concentration
limit is thus restricted by the strength of the inherent
colour of the agents employed, but can be 1,000 ppm
and above. |

The phthalocyanine compounds employed in the
process according to the invention have an exception-
ally broad spectrum of activity against micro-organ-
isms. Thus, it is possible by means of the process accord-
ing to the invention to combat, in particular, Gram-posi-
tive and Gram-negative bacteria and to protect diverse
substrates against attack by these bacteria. However, an
action against fungi, viruses and algae can also be ob-
served.

In the process according to the invention it is possible
additionally to add substances which increase the ac-
tion, inter alia electrolytes, for example inorganic salts,
say sodium chloride, potassium chloride, sodium sul-
phate, potassium sulphate, sodium acetate, ammonium
acetate, alkali metal phosphates and alkali metal tripoly-
phosphates, especially sodium chloride. These salts can
be added to the agents according to the invention or can
be added direct during the application process, so that
they are present in the application solution in a concen-
tration of preferably 0.1 to 10%.

Because of the broad spectrum of action against mi-
croorganisms, which has been mentioned, the process
according to the invention and the agents according to
the invention can be employed in a number of fields of
application, examples of which are given below.

An important application is the disinfecting of textiles
of synthetic or natural origin. Thus, goods for washing,
in domestic use or in industry, can be disinfected with
the aid of the process according to the invention. For
this purpose, the goods for washing can be treated with
aqueous solutions of water-soluble phthalocyanine de-
rivatives whilst irradiating with light, in the abovemen-
tioned manner. The treatment liquor can advanta-
geously contain the phthalocyanine dye in a concentra-
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tion of 0.1 to 50 mg/l. Disinfecting can advantageously

also be carried out together with the washing process.
For this purpose, the goods to be washed are treated

with a wash liquor which contains conventional deter-
gent substances, one or more water-soluble phthalocya-
nine derivatives and, if desired, inorganic salts and/or
further substances having an antimicrobial action. The
washing process can be carried out manually, for exam-
ple in a tub, or in a washing machine. The necessary
irradiation can take place during the washing process,
by means of suitable light sources, or the damp washed
goods can also subsequently, for example during drying,
either be irradiated by means of a suitable artificial light
source or simply exposed to sunlight.

The antimicrobial active compounds can be added to
the disinfecting or washing liquor direct. However,
they can also be incorporated into soaps or washing
powders, which contain known mixtures of detergent
substances, for example soap in the form of chips and
powder, synthetic substances, soluble salts of sulphonic
acid half-esters of higher fatty alcohols, arylsulphonic
acids which are substituted by higher alkyl and/or poly-
substituted by alkyl, sulphocarboxylic acid esters of
medium to higher alcohols, fatty acid acylaminoalkyi-
or acylaminoaryl-glycerolsulphonates, phosphoric acid
esters of fatty alcohols and the like, builders, for exam-
ple alkali metal polyphosphates and polymetaphos-
phates, alkali metal pyrophosphates and alkali metal
salts of carboxymethylcellulose, and other soil redeposi-
tion inhibitors, and also alkali metal silicates, nitrilotri-
acetic acid, ethylenediaminetetraacetic acid, foam stabi-
lisers, such as alkanolamides of higher fatty acids, and
also, if desired, antistatic agents, superfatting skin pro-
tection agents, such as lanolin, enzymes, perfumes and
dyes, fluorescent brighteners and further inorganic salts
and/or further antimicrobial active compounds.

Care must be taken that the wash liquors or washing
agents do not contain any reducing agents since other-
wise the oxygen necessary for the antimicrobial activity
of the phthalocyanines is not available.

'The process according to the invention can also be
used to provide textiles with an antimicrobial finish,
since the phthalocyanine derivatives absorb well onto
the fibres and thus ensure a long-lasting effect.

A further field of application of the process accord-
ing to the invention and of the agents according to the
invention is the disinfecting of hospital laundry and
medical commodities and equipment and also of floors,
walls and furnishings in hospitals. The disinfecting of
hospital laundry can be carried out in the manner de-

- scribed above for general goods for washing. The other

articles and also floors and wall surfaces can be treated
with aqueous solutions which contain water-soluble
phthalocyanine compounds and, during the treatment
or subsequently, irradiated with suitable light sources.
The disinfecting solutions can additionally also contain
detergent substances, other compounds having an anti-
microbial action and/or inorganic salts. |

Examples of further fields of application for the pro-
cess according to the invention are:

Disinfecting of swimming pools. The requisite expo-
sure to light can be effected by means of installed lamps
or simply by sunlight. Because of the low toxicity of the
phthalocyanines and because of the small amounts
which are necessary for effective disinfecting of the
water and to free the pool from algae (for example 0.1
to 1 ppm), the phthalocyanines according to the inven-
tion are outstandingly suitable for this application.
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Disinfecting of effluents from sewage treatment
plants. | | |
- The abovementioned application possibilities are
merely listed as examples for the very broad applicabil-
ity of the process according to the invention. |

The present invention also relates to agents, for com-
bating micro-organisms, which contain the water-solu-
ble phthalocyanine active compounds which can be
employed according to the invention. Such agents can
be solid or liquid and in addition to the active com-
pound can also contain other ingredients, for example
water, salts and also conventional formulating addi-
tives. Washing agents according to the invention con-
tain, in addition to the active compound, conventional
detergent substances and washing agent additives, such
as those listed above by way of example. The washing

10

15

agents advantageously contain the active compound in

an amount of 0.0005 to 1.25 percent by weight, based on
the total agent. | |

Some of the water-soluble phthalocyanine active
compounds described above are novel. The present
“1nvention therefore also relates to.the novel phthalocya-
nine compounds of the formula

~ Me'(PC-(RY), (22)
‘in which PC is the phthalocyanine ring system, v has
any desired value between 1 and 4, Me' is Na, K, Mg or
AlX, in which X is an anion, and R’ is a group of the

- formula
R
--S03Y , _—SOQ—XI ,
R
R3
| /
R4 |
| R
/
N
| \
—S0Or,— X - Ry

in which Y is hydrogen or an alkali metal, ammonium
or amine ion, X1 is oxygen or a NH group, n is a number
from 1 to 12, Ry and R; independently of one another
are hydrogen, a sulpho group and salts thereof, a car-
boxyl group and salts thereof or a hydroxyl group and
at least one of the radicals R and R; is a sulpho or
- carboxyl group or a salt thereof, and R3 and R4 indepen-
dently of one another are hydrogen, alkyl, hydroxyal-
kyl, cyanoalkyl or halogenoalkyl, having 1 to 6 carbon
atoms, or R3 and R4 together with the nitrogen atom to
which they are bonded are a saturated 5-membered or
-6-membered heterocyclic ring which additionally can
- also contain a nitrogen atom or oxygen atom-as a ring

member, and all the radicals R are bonded to the phenyl

- nuclei of the phthalocyanine ring system, and the use
thereof as photodeactivators for micro-organisms and
to processes for the preparation of these compounds.

. Further compounds which are novel and a subject of
the invention are those of the formula

Me'(PCH(R),

in which PC is the phthalocyanine ring system, v has
any desired value between 1 and 4, Me’ is Na, K, Ca,
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Mg or AIX, in which X is an anion, preferably a halide,

sulphate, nitrate, acetate or hydroxyl ion, and R is a
group of the formula

Rj
—S03Y, ---soz‘—liq \
. R+’ R>
R3
| /
—50;—N-(CH3)—N ;
|- AN
R
y
—SO>—N
AN
R4

in which Y is hydrogen or an alkali metal, ammonium
or amine 10n, R7' is hydrogen or alkyl having 1 to 4
carbon atoms, n’ is an integer from 2 to 6, R; and R»
independently of one another are hydrogen, a sulpho
group and salts thereof, a carboxyl group and salts
thereof or a hydroxyl group and at least one of the
radicals Rjand R; is a sulpho or carboxyl group or a salt
thereof, and R; and R4independently of one another are
hydrogen, alkyl, hydroxyalkyl, cyanoalkyl, sulphoal-
kyl, carboxyalkyl or halogenoalkyl, having, in each
case, 1 to 6 carbon atoms, or phenyl, or R3 and Ry to-
gether with the nitrogen atom to which they are bonded
are a saturated 5-membered or 6-membered heterocy-

clic ring which additionally can also contain a nitrogen

atom or oxygen atom as a ring member, and the radicals

R are bonded to the phenyl nuclei of the phthalocyanine

ring system and can be identical or different, when
v> 1.
Preferred compounds within the range of the com-

pounds of the formula (23) are those of the formula

R3’ _(24)

e

Me' (PC SOz—NHﬁ*(CHg)”'*—N

R4’

P

in which PC, Me’, n’ and v are as defined in formula (23)
and R3' and R4’ independently of one another are hy-
drogen, phenyl, sulphophenyl, carboxyphenyl or alkyl,
hydroxyalkyl, cyanoalkyl, sulphoalkyl, carboxyalkyl or
halogenoalkyl having, in each case, 1 to 6 carbon atoms,
or together with the nitrogen atom are the morpholine
ring. | |
Preferred compounds are those of the formula

Me'(PCH-(SO3Y)y @29
in which Me', PC and Y are as defined above and v' has

any desired value between 1 and 4, especially between
1.5 and 4.

Compounds of particular interest are those of the

(23) 65 formula

Al X'(PC-}—(SO3Yjp' . - (26)
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in which PC, Y and v’ are as defined in formula (25) and
X' is an anion from the group comprising OH—, SO4%—,
Cl—, Br— and CH3:COO~-.

In this formula X' is preferably Cl—, Y 1s hydrogen,
sodium or potassium and v’ 1s any desired number be-
tween 1 and 4. |

The phthalocyanine compounds described above can
also be prepared according to processes which are
known per se.

In order to introduce substituents conferring solubil-
ity in water, the unsubstituted phthalocyanine or metal
complexes thereof can be used as the starting material.
Sulphonation (for example with 26% strength oleum)
results in the corresponding sulphonic acids, products
of different degrees of sulphonation being formed de-
pending on the sulphonation time and temperature.
Sulphonation of the unsubstituted phthalocyantne, for
example at 45° to 60° C., gives the disulphonic acid. The
conversion of the products into salts can be etfected in
a known manner.

Reaction of unsubstituted metal-free or metallised
phthalocyanines with chlorosulphonic acid gives the

corresponding sulphochloride compounds. Reaction of

the resulting sulphochloride-phthalocyanines with cor-
respondingly substituted aliphatic or aromatic amines
or alcohols or phenols gives the phthalocyanines which
are substituted by sulphonamide groups or, respec-
tively, sulphonic acid ester groups of the formulae (1),
(4), (3b) or (5, m=1). Saponification of the sulphochlor-
ide compounds results in the corresponding sulphonic
acids.

Carboxyl groups can be introduced into the unsubsti-
tuted phthalocyanines by reaction with phosgene and

aluminium chloride and hydrolysis of the acid chloride
formed or by reaction with trichloroacetic acid. The
acid chlorides can also be converted in a known manner
into other water-soluble carboxylic acid derivatives.
Products with mixed substituents (sulpho groups and
carboxyl groups) can be obtained by a suitable combina-
tion of the processes described. Phthalocyanines substi-
tuted by carboxyl groups can also be prepared by syn-
thesis from trimellitic acid.

Phthalocyanines which are substituted by groups of
the formulae (2), (6) or (6a) can be obtained by chloro-
methylation of unsubstituted metal-free or metallised
phthalocyanines, for example by reaction with para-
formaldehyde or bis-chloromethyl ether and anhydrous
aluminium chloride 1n the presence of triethylamine,
and subsequent reaction of the chloromethyl com-
pounds with correspondingly substituted anilines, phe-
nols or thiophenols or amines, alcohols or mercaptans.
The reaction of the chloromethyl intermediates men-
tioned with pyridine, 1,4-diazabicyclo-[2.2.2]-octane or
with unsubstituted or correspondingly substituted tet-
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raalkylthioureas gives phthalocyanines which are sub-

stituted by groups of the formulae (7, m=1), (7a) or (9,
m=1) respectively. The chloromethyl compounds
mentioned can also be reacted with substituted or un-
substituted alkyl sulphides to give the corresponding
alkylthiomethyl compounds and the latter can be re-
acted with strong alkylating agents to give phthalocya-
nines which contain ternary groups of the formula (8,
m=1).

Phthalocyanines which contain groups of the formu-
lae (7, 8 or 9, m=0) can be prepared from the corre-
sponding chlorine-substituted phthalocyanines, which
are obtainable by direct chlorination of the unsubsti-

60
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tuted phthalocyanines, by the processes described for
the reaction of the chloromethyl compounds.

Phthalocyanines which are substituted by groups,
conferring solubility in water, of the formulae (2a) or (5,
m==20) can also be obtained, for example, when the
correspondingly substituted phthalic anhydride or
phthalodinitrile i1s used as the starting material and this
is reacted in a known manner to give the phthalocya-
nine ring system. When substituted phthalodinitrile is
used, this, if desired together with a metal salt, 1s cy-
clised in the melt or in solution or suspension to give the
phthalocyanine ring system. When the corresponding
phthalic anhydride is used, urea and, if appropriate, a
catalyst, for example boric acid or ammonium molyb-
date, are additionally added before the reaction. Other
substituted phthalocyanines, for example including the
sulphonated phthalocyanines, can also be obtained In
this way.

Some metal complexes of substituted phthalocya-
nines can not be prepared simply by substitution (as
described above) of the unsubstituted complexes or by
ring synthesis. In this case, the correspondingly substi-
tuted metal-free compounds can first be prepared and
these can then be reacted with a metal salt or metal
alcoholate in a solvent. Solvents which can be used are,
for example, mixtures of water and organic solvents,
especially including tertiary amines or also anhydrous
solvents, for example pyridine or chlorobenzenes. This
mode of preparation 1s chosen, in particular, for com-
plexes which can be hydrolysed relatively easily, for
example those of the alkali metals and alkaline earth
metals.

Metal complexes can, of course, also be converted

into other metal complexes; these can likewise be hy-
drolysed to metal-free phthalocyanine compounds with

the aid of acids.

In the examples which follow, which illustrate the
preparation of the water-soluble phthalocyanine com-
pounds which can be employed according to the inven-
tion, and also the process according to the invention
itself, all percentages are by weight unless otherwise
stated. The abbreviation PC represents unsubstituted
phthalocyanine in all examples.

EXAMPLE 1

0.67 g of metal-free phthalocyaninedisulphonic acid is
dissolved in 100 ml of a mixture of pyridine/water (1:1)
and 0.27 g of aluminium chloride is added. The solution
is refluxed for 2 hours and evaporated in a rotary evapo-
rator. The residue is taken up in 75 ml of water and the
solution 1s neutralised with 1 N ammonia and evapo-
rated again, whereupon the aluminium complex of
phthalocyaninedisulphonic acid remains.

EXAMPLE la

2.66 g of aluminium chloride are added to a solution
of 6.76 g of phthalocyaninedisulphonic acid, with an
absorption maximum of 612 nm in a buffer solution of
pH 7 (0.01 mol/1 of sodium hydrogen phosphate/0.007
mol/] of potassium dihydrogen phosphate), in 500 ml of
a 1:1 pyridine/water mixture. The solution 1s refluxed
for 2 hours and then evaporated in a rotary evaporator.
The residue 1s taken up in 75 ml of water and the solu-
tion is neutralised with ammonia. The aluminium com-
plex of disulphonated phthalocyanine with an absorp-
tion maximum of 675 nm (buffer solution of pH 7) 1s
obtatned.
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- EXAMPLE 2

The following metal complexes of phthaloeyamnedl-,

sulphonic acid (S=a sulphonic acid group): ZnPCSs,

ZnPCS;, MgPCS;, MgPCS;4, FePCS;, FePCS;.,
CuPCS;, NiPCS;, MnPCS; CaPCS;, CaPCS3a,
CrCIPCS;, CdPCS,, SnPCS;, BaPCS;, Bi(NO;3)PCS,,

the sodium complex of phthalocyaninedisulphonic acid
‘and the potassium complex of phthalocyaninedisul-

phonic, acid, are obtained by the process described in
Example 1 by reacting the free phthalocyaninesul-
- phonic acids with the equivalent amount of
Zn(CH3COO);, MgCl,” FeS04, CuSO4, NiCly,
Mn(CH3COO),, CaCl,, CrCl;, CdCl;, SnCl;, BaCl,,
Bi(NO3)3, NaOCH3 and KOCH; respectively.

- EXAMPLE 2a

The procedure indicated in Example la is repeated

10

15

but salts of Mg, Ca or Fe(ll) are used, affording the

- corresponding phthaloeyanmes listed in Table 1 below.

. TABLE1 |
Phthalocyanine - A max in HyO, pH 9
Metal salt dertvative . ... . . (nm) |
MgCl; - Mg (PC)YSO3H); 669
CaCl; Ca (PC)(SO3H); 653
FeSOy4 Fe (PC)(SO3H); 662
EXAMPLE 3

(a) 52. 5 g of phthallc anhydrlde 64 g of urea, 1 g of
ammonium molybdate and 27 g of sodium m-xylenesul-
‘phonate are stirred in 175 g of trichlorobenzene and the
resulting mixture is mixed with a suspensmn of 15 g of -
anhydrous aluminium chloride in 25 g of trichloroben-
zene. After stirring for 6 hours at 200° to 205° C., 27 g
of urea and 50 g of trichlorobenzene are added a‘nd' the
-mixture is stirred for a further 5 hours at 200° to 205° C.
The suspension is filtered cold and the residue is washed
with chlorobenzene and methanol and then purified by
boiling thoroughly in dilute hydrochloric acid and in
dilute sodium hydroxide solution and finally in dilute
hydrochloric acid again. After drying, 34 g of an alu-
~minium complex of phthalocyanine are obtained and
according to analysis this has the formula

Ci12H16NgAICLZH;0 - -

(b) 20 g ef this elu'ntinium cemﬁtei of phthalecyahi;ne |

are stirred in 220 ml of 30% strength oleum for 8 hours
at 73 to 75° C. and, after cooling to room temperature,
the resulting: solution is, poured onto ice and 10%
strength sodlum CthI‘ldE selutlon, the susr::ensmn IS
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filtered and the residue 1s washed mth 10% strength
- sodium chloride solution and then with 1 N hydrochlio-

ric acid and dried in vacuo at 90° C. Yield: 22 g. The
product has the formula

AICI(PC-(SO3H);
Amax=671 nm (in H,O, pH 9).
'Any other desired aluminium salt can also be em-
ployed in step (a) in place of aluminium chloride. De-
pending on the nature of the anion, aluminium com-
plexes of phthalocyanine derivatives in which the third
valency of the aluminium is saturated by any other

(301)

-desired anion (for example sulphate, acetate, hydroxy]
‘and the like) instead of by chlorine are obtained in this

way, in this example and in the examples which follow.

EXAMPLE 4

(a) 20 g of the aluminium complex of phthalocyanine
prepared according to Example 3(a) are introduced at
20° to 25° C.'into 140 ml of chlorosulphonic acid and the
mixture is stirred for 30 minutes. The temperature 1s
then raised to 135° to 140° C. in the course of 2 hours.
After stirring for 4 hours, the reaction mixture is cooled
to room temperature and poured onto ice. The suspen-
sion 1s filtered and the materlal on the filter is washed

acid-free with 1ce-water.”

(b) The moist suction filter cake is stirred in 500 ml of
ice-water, 3.2 g of ethanolamine are added and the pH
of the mixture is kept at 8 to 9 by adding 10% strength
sodium hydroxide solution, with stirring. After stirring
for 2 hours at 0° to 25° C., the temperature 1s raised to
60° to 70° C. and this temperature is maintained for 5
hours. All of the product is precipitated by adding so-
dium chloride and is filtered off and dried in vacuo at
70° to 80° C. The compound thus obtamed has the for-
mula

(SO3H)2 5 (401)

-/
AICI (PC) o
(SO;NHCH,CH;0H)1.5
?tmax 677. 5 nm (in H,O, pH 7). . -

If the aluminium complex of the phthalocyanme tet-
rasulphochloride obtained according to Example 4(a) is
reacted in an analogous manner with other amines, the
compounds of the general formula

- (SO3H)a—x (402)
Al Cl (PC) _
{SO2—R)y

listed in Table 2 _whtch .fellottfs are obtained.

"TABLE?2

Formula® |

‘No. R X Amine used

403 —NH> y 1 NH>;OH

404 ~—NHCHj; 1 H>NCH; -

405 -+ —N(CH;CH>0H)> S 1,5 HN(CH;CH;,;0H);

406 —NHCH;CH>N(CH3i); 3 HyNCH;CH;N(CH3);

407 "“NHCHJCHQCH;N(CHﬂ'} 4 HgNCHzCHgCHaN(CH_;)z

408 (I:'Hz | 2 (i.IHq
~~NCH3;CH;SO3H S 'HNCH;CH;SO3H'

409 ~—NHCH>CH;0SO;H . * - 2 "HaNCH,CH»0SO:H

410 ~=NH(CH;)¢COOH -} HaN(CH>7)¢COOH

411 CHg; 1 CHj

_§_<j>

an—{ )
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TABLE 2-continued
Formula | |
No. R X Amine used
412
—NH—@—-COOH —@—COOH
413
) w@
SO3H SO3H
414 Cl
—NH /I.._\ SO3H H)N /|\ SO3H
N N
NH—L NZ NH—G NH—k }NH—@
415 Cl 2
/L\ SO3H /L_\ SO3:H
N N N N
—NHCHz(ZHgNH—J'\N,-- NH HgNCHgCHzNH-—ka NH
SO3H SO3;H
Y AR
\_/ N/
EXAMPLE 5

20 g of the aluminium complex of the phthalocya-
nine-tetrasulphochloride prepared according to Exam-
ple 4(a) are introduced into 500 ml of water and hydro-
lysed by adding sodium hydroxide solution, at 60° to 70°
C., and the reaction mixture i1s then evaporated to dry-
ness. This gives 25 g of the aluminium complex of

30

phthalocyanine-tetrasulphonic acid (Na salt) of the for- s

mula

Al ClI (PC)-(SO3Na)4 (501)
Amax=672.75 nm (in H;O, pH 9).

The same compound is also obtainable by sulphona-
tion of the aluminium complex of the unsubstituted
phthalocyanine (obtainable according to Example 3(a)
with 60% strength oleum at 70° to 75° C.

EXAMPLE 6

(a) 20 g of the aluminium complex of phthalocyanine
prepared according to Example 3(a) are introduced at
25° C. into 150 ml of chlorosulphonic acid and the mix-
ture 1s stirred for 30 minutes. The reaction mixture is
then warmed to 65° to 70° C. and 32 ml of thionyl chlo-
ride are added dropwise in the course of 20 minutes.
The temperature is then raised to 110° to 115° C. in the
course of 2 hours and this temperature is maintained for
6 hours. After cooling to 25° C., the reaction mass is
discharged onto ice in such a way that the temperature
does not exceed 0° C. The suspension is filtered and the
material on the filter is washed acid-free with ice-water.

(b) The moist filter cake, consisting of the aluminium
complex of phthalocyanine-trisulphochloride, is stirred
in 500 ml of ice-water and 32 g of l-amino-3-dime-
thylaminopropane are added. After stirring for 15 hours
at 20° to 30° C., the temperature is raised to 60° to 70° C.
for a further 4 hours. The suspension is filtered and the
residue is washed with 500 ml of warm water and dried
in vacuo at 70° to 80° C. This gives the compound of the
formula

Al Cl (PC)—[SO;NHCH>CH,CH;N(CH1)5]3 (601)

43

50

55

60

65

Amax=675.5 nm (in H,O, pH 7).
The compounds of the formula

Al Cl (PC)—[SO,—R]3 (602)
listed in Table 3 which follows, can be obtained in an
analogous manner by reacting the aluminium complex
of phthalocyanine-trisulphochloride, obtained accord-
ing to Example 6(a), with a corresponding amine.

TABLE 3
For-
mula Starting compound
No. R HR used
603 —NH—CH>;CH>»—N(CH3); H;N—CH,CH;N(CH3);
604

—_ NH—@— N(CH3)) HzN—Q—-N(CH 3)2

EXAMPLE 7

10 g of the zinc complex of phthalocyanine are heated
in 120 g of chlorosulphonic acid at 130° to 132° C. for 3
hours. After cooling to 80° C., 20 ml of thionyl chloride
are added dropwise to the solution in the course of one
hour. After further stirring at 80° C., the solution is
cooled to room temperature and poured onto 800 g of
ice and 200 ml of water. The residue is filtered off and
washed with ice-water and then suspended in 100 g of
ice and 100 mi of water in the presence of 15 ml N-dime-
thylaminopropylamine. The suspension is further
stirred for 1 hour at 80° C. After cooling to room tem-
perature, the residue is filtered off, washed with water
and dried in vacuo at 80° C. This gives 6.05 g of a prod-
uct of the formula

CH; (603)

/

N\
CH:

ZnPC | SO;NHCHCH>CH>;—N

~ 3
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Using the copper complex of phthalocyanine and,

respecttvely, the nickel complex of phthalocyanine as

the starting materials, the Cu and Ni complexes corre-

sponding to formula (605) are obtamed by the process -

just described.

EXAMPLE 8

20 g of the alummlum complex of phthalocyanme
obtained according to Example 3(a) are stirred in 240 m]
~of 33% strength oleum for 7 hours at 73° to 75° C. The
reaction mixture, which. has been cooled to 25° C., is
discharged onto a mixture of 1,000 g of ice and 200 g of
sodium chloride. The temperature is kept at 0° to 20° C.
by further addition of ice. The suspension is filtered and
the filter residue is washed with a 10% strength sodium
chloride solution until neutral. It is then also washed
with 300 ml of 10% strength hydrochloric acid. The
product is dried in vacuo at 80° C. The product ob-
tained in this way has the formula -

Al C] (PC—]—(SOgH)g (801)
hmax 671 nm (in H,O, pH 9)
If the sulphonation described above is carried out

using 40% strength oleum, this gives a product of the
formula

Al Cl (PC)-(SO3H) 4. (802)

Amax=671.75 (in HO, pH 9).
EXAMPLE 9

Examples 4, 5 and 8 are repeated except that the zinc
_complex of phthalocyanine is used in place of the alu-
minium complex of phthalocyanine, as the starting ma-
terial, affording the corresponding zinc complexes in

place of the aluminium complexes of the formulae (401),
(403) to (416), (501) (801) and (802). |

EXAMPLE 10
‘Test to determine the activity against bacteria
' ' Method

A germ suspension of a specific species of bacteria is
“added to an aqueous solution which contains the phtha-
locyanine compound to be tested, in a specific concen-
tration, the number of germs added. being about 106
germs/ml. This test suspension 18 in a glass beaker under
a water-cooled sheet of glass, in order to prevent warm-
Ing as a result of the subsequent exposure to light. The
suspension is now irradiated for one hour with a fila-
ment lamp or an infra-red lamp*, which is at a distance
of 20 cm above the surface of the suspension. In each
case twice 0.1 ml of the suspension are then inoculated
onto the surface of nutrient agar plates and the number
of residual germs is determined. Conclusions regarding
the effectiveness of the phthalocyanine compounds to

be tested are drawn from the reduction in the germ

count.
*Light sources which can be uqed are, for example the following lamps:

(A) “Gloria” 200 watt, 2,800 Im filament lamp

(B) Philips IR, 250 watt, type 13372 E/479 infra-red
lamp (*‘red”) and

(C) Philips IR, 250 watt, type 13372 E/06 mfra—red
lamp (“‘white”)
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| -::'-fR_e_SultS: |
. - Experiment |

The following

phthalocyanines are tested:

(a) metal-free PC(SO3H),

(b) ZnPC(SO3H);

(c) ZnPC(SO3Na)4 -

(d) AICIPC(SO3H),.

CaPC(SO3NH4); and CaPC(SO3H)3.4

(f) MgPC(SO3NH4); and MgPC(SO3H)3.4

H (8)

ZnPC SO;NH(CH3);N(CH3)5
@ .

CH;COO0©
3-4

(h) FePC(SO3H); and FePC(SO3H)3.4.

Compounds a to h are employed in a concentration
range between 0.005 and 100 ppm. Test germs used:
Staph. aureus SG 511, Staph. aureus ATCC 6538 and
Strept. faecalis var. Zymogenes NCTC 5957.

The number of test germs is reduced by compounds a
toh by up to 4 powers of ten at very low concentrations
and by 6 powers of ten at higher concentrations.

EXPERIMENT 2

The Gram-negative strains: Escherichia coli NCTC
8196, Pseudomonas aeruginosa ATCC 15442 and Pro-
teus vulgaris ATCC 6896.are used as test germs and the
procedure 1s in accordance with the method described
initially.

The acid compound d, which is tested shows very
good pheto-deactwatmg properties against the above-
mentioned Gram-negative germs when sodium chloride
1s added in a concentration of between 1 and 3%. A
reduction in the germs of up to 5 powers of ten can be
achieved in this way with concentrations of compound
d of between 1 and 100 ppm.

EXPERIMENT 3

In the experiments. deserlbed above, exposure to light
is for one hour in each case. |

In the present experlment the exposure time is varied
between 10 minutes and one hour, in 10 minute inter-
vals. Active substance: compound d Test germ: Strept.
faecalis var. zymogenes NCTC 5957.

It 1s found that the degree of reduction in the germs
continuously increases for exposure times of between 10

- and 40 minutes. The maximum value is reached at 40

35

60

65

minutes and remains constant on further exposure to
llght

EXAMPLE 11

The procedure is in accordance with the method
described in Example 10 and, in accordance with Ex-
periment 1, the water-soluble phthalocyanine com-
pounds of the formulae (401) (501), (601), (701), (801)
and (802), and also the zinc complexes analogous to the
compounds (401), (501), (801) and (802), are examined
to determine their bactericidal action. Depending on
the concentration employed, the said compounds effect
an extensive reduction in the test germs employed.

Similarly good results are obtained with the com-
pounds of the formulae (403) to (416) and (603) to (605)



4,318,883

19

and also the corresponding zinc, copper and nickel
complexes and with the remaining phthalocyaninesul-
phonic acid complexes mentioned in Example 2 (for
example the Cu and Ni complexes). The compounds of
the formula 5

Al Cl (PC—[CH2—R,], (1101)

listed in Table 4 which follows also show a good bacte-
ricidal action in the test carried out according to Exam- 10

ple 10.

TABLE 4
Formula No. R v
1102 —N(CH3); CI® 3 15
1103 CH; &b 3
|
—III—-NHZ CIO
CH;
1104 3 20
_EB ~ \ Cl@
1105 NH,® 2
S
—S—C\ CI©
NH, 25
1106 N(CH3)2 3
—S=_ CIo
AN
N(CH3)2
1107 3 30
@ / \
—N-"\_~N Ci&
35
EXAMPLE 12

Tést to determine the disinfectant action on textiles:

A piece of cotton fabric is stretched on a glass rack
and inoculated with a test suspension described in Ex-
ample 10 (containing the active substance and a test
germ strain). The glass rack, which is connected to a
motor, is now rotated and irradiated with an infra-red
lamp. A sheet of glass, which is cooled with running
water, is placed between the lamp and the piece of 45
fabric in order to prevent warming of the piece of fab-
ric. In parallel to this, a piece of fabric to which, how-
ever, no microbicidal active substance had been applied,
is treated under the same experimental conditions. After
exposing to light for 1 hour, the germ counts are deter-
mined quantitatively and the reduction in germs ef-
fected by the particular phthalocyanine is found. The
action of phthalocyanine compound d from Example
10, Experiment 1, towards Strept. faecalis var. zymo-
genes NCTC 5957 was tested. The same reduction in 55
germs, as a function of the concentration employed, as
in Example 10, Experiment 1 was found.

EXAMPLE 13

A piece of cotton fabric is treated at 80° C. 1n a liquor ¢
(liquor ratio 1:20) which contains 0.1 to 10 ppm of the
compound of the formula (301), with 4 additions of
NaCl (2.5%) at intervals of 10 minutes in each case. The
fabric is then rinsed for 2 minutes in running cold water
and dried for 1 hour at 30° C.

The cotton fabric finished in this way 1s now inocu-

lated with, in each case, one germ suspension {(Staph.
aureus ATCC 6538 and Strept. faecalis ATCC 5957),
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stretched on a metal rack and exposed to light using the
conditions and devices given below.

The irradiation lamp used is lamp “C” described in
Example 10. Distance of the lamp from the fabric: 20
cm. Exposure time: 1 hour. The metal rack with the
fabric stretched thereon is rotated by a motor (32 revo-
lutions per minute) which is connected to it. Said metal
rack is located below the water-cooled sheet of glass.
The waterbath, which is temperature-controlled at
about 50° C., is intended to prevent the suspension of
bacteria from drying out and is located the metal rack.
The water-cooled sheet of glass prevents warming of
the fabric as a result of the exposure to light and is
located below the irradiation lamp, separating said lamp
from the metal rack with the fabric stretched thereon.

After exposure to light, the germ count is determined
in the conventional manner by parallel counts. In each
case, one piece of fabric which has been inoculated but
not provided with a finish is also exposed as a control.
The results are summarised in Table 5. The numerical
values x give the particular reduction 1n germs in pow-
ers of ten in accordance with the formula —logjo(N-
/N,), in which N, is the number of germs added and N
is the number of surviving germs (average values from
5-10 parallel counts).

TABLE 5

Concentration of compound (301)
in the liquor

0 01 t 2 3 4 5 10
Staph. aureus
ATCC 6538 X 0 0 23 32 33 33 37 =Z£45
Strept. faecalis
ATCC 5957 X 0 0.2 27 41 Z43 =43 Z=43 =43

If the compound of the formula (301) is replaced by
the other water-soluble phthalocyanine derivatives
tested in Examples 10 and 11 in the suspension experi-
ment and fabric is treated in the manner just described,
fabric having a similarly good antibacterial fimish 1s
obtained.

What is claimed 1s:

1. A process for combatting microorganisms in or on
organic or inorganic substrates and for protecting said
substrates against attack by microorganisms, which
comprises treating the substrates with an effective
amount of a watersoluble phthalocyanine derivative,
which is a metal-free phthalocyanine derivative or a
metal complex thereof which contains, as the metal
atom, aluminum, zinc, iron-1I, calcium, magnesium,
sodium or potassium, said derivative contains, as groups
conferring solubility in water, sulpho or carboxyl
groups and their salts, or groups of the formulae

Rj R3
SOHy,—X SO N/
- 27 A y 25
AN
Ry R4
R R
@/, 3 ]
~~CH>—N 729, —CH»—Y |
|
R7 R4 R>
R
R~
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* -continued
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in which formula X is oxygen or a —NH— or —N-
alkyl radical and R and -R; independently of one an-
other are hydrogen, a sulpho groups and salts thereof, a
carboxyl group and salts thereof or a hydroxyl group, at
least one of the radicals R; and R; being a sulpho or
carboxyl group or a salt thereof, Y is oxygen, sulphur
or a —NH— or —N-alkyl radical, R3 and-R4 indepen-
dently of one another are hydrogen, alkyl, hydroxyal- 35
kyl, cyanoalkyl, sulphoalkyl, carboxyalkyl or halogeno-
alkyl having 1 to 6 carbon atoms, unsubstituted phenyl
~or phenyl substituted by halogen, alkyl or alkoxy hav- -
ing 1 to 4 carbon atoms, sulpho or carboxyl, or R3 and
R4 together with the nitrogen atom to which they are
bonded are a saturated 5-membered or 6-membered
heterocyclic ring, which addltlonally can also contain a
nitrogen atom or oxygen atom as a ring member, Rsand

R¢ independently of one another are substituted or un-
substituted alkyl or aralkyl radical, R7is a substituted or

unsubstituted alkyl group having 1 to 6 carbon atoms,
or hydrogen, M 1s an alkali metal ion or ammonium ion,
- Z8 is an anion, for example a chlorine, bromine, alkyl-
sulphate or aralkyl-sulphate ion, n is an integer from 2 to
- 12 and m’ 1s O or 1, the number of groups conferring
solubility in water, which-can be of the same type. or
- different, being at least sufﬁelently large to ensure that
- an adequate solubility in water is obtained, said phthalo-
cyanine derivative also optionally containing other sub-
stitutes 1n addition to the groups conferring solubility in
water, the amount of said phthalocyanine derivative
employed being insufficient to cause. substantial discol-
‘oration of the substrate, in the presence of oxygen and
water and with concurrent irradiation with light in the
‘infra-red and/or visible range of sufﬁcxent Intensity to
~effect disinfection. B
- 2. A process accordmg to elalm 1 which eomprlses
_carrying out the process in the presence of an inorganic
salt.

3 A process aceordmg to clatm 1 for eombatmg
bacteria. | I |

4. A process accordmg to clalm 1 for dlsmfeetmg
swimming pools and effluents from sewage treatment
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- independently of one another are hydrogen, a

4,318,883
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plants, which comprises adding 0.001 to 100 ppm of one

or more of the phthalocyanine derivatives.

3. A process according to claim 1 which comprises
using, as the water-soluble phthalocyanine derivative, a
derivative of the formula |

- (Me)m(PC—(R),

in which PC is the phthalocyanine ring system, v has
any desired value between 1 and 4, Me is Zn, Fe(Il), Ca,
Mg, Na, K or AlX, in which X is an amon m 1S 0 or 1
and R 1s a gmup of the formula

—502“‘1]4, ,
. R.?'

—SO3Y,

s

R4

~—SOr—N

in which Y is hydrogen or an alkali metal, ammonium

or amine ion, R7' is hydrogen or alkyl having 1 to 4
carbon atoms, n’ is an integer from 2 to 6, Ry and R,
sulpho
group and salts thereof, a carboxyl group and salts

thereof or a hydroxyl group and at least one of the

radicals Rjand R;is a sulpho or carboxyl group or a salt
thereof, and R3 arid R4 independently of one another are

hydrogen, alkyl, hydroxyalkyl, cyanoalkyl, sulphoal-

kyl, carboxyalkyl or halogenoalkyl having, in each case,

1 to 6 carbon atoms, or phenyl, or R3 and R4 together

with the nitrogen atom to which they are bonded .are a
saturated S5-membered or 6-membered heteroey_clle
ring, which additionally can also contain a nitrogen
atom or oxygen atom as a ring member, and, when
several radicals R are present in the molecule, these

radicals can be identical or different, and all the radicals
R are bonded to the phenyl nuclel of the phthalocyanme_

ring system
6. A process accordmg to claim 5, which cemprlses

“using, as the water-soluble phthalocyanine derivative, a
derwatwe of the formula

Ry
/

(Me)m(PC SQZ_ NH—(CHj),—N

R4’

¥

in which PC, Me and m are as defined in claim 5, n' is
an integer between 2 and 6, R3’ and R4’ independently
of one another are hydrogen, phenyl, sulphophenyl,
carboxyphenyl or alkyl, hydroxyalkyl, cyanoalkyl,.sul-
phoalkyl, carboxyalkyl or halogenoalkyl having, in
each case, 1 to 6 carbon atoms, or together with the

nitrogen atom are the morpholine ring, and v is a num-

ber between 1 and 4, and, if v> 1, the radicals
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Ry

| /
—SO>r»—NH—(CHj),y—N

R4

present in the molecule can be identical or different.

7. A process according to claim 5, which comprises
using, as the water-soluble phthalocyanine derivative, a
derivative of the formula

(SO3Y ")y

(Me)m(PC)

/
SOt NH—(CH2)y}’N

R4’

w]

in which PC, Me and m are as defined in claim 5, Y’ is
hydrogen or an alkali metal or ammonium ion, n’ is an
integer between 2 and 6, R3' and R4’ independently of
one another are hydrogen, phenyl, sulphophenyl, car-
boxyphenyl or alkyl, hydroxyalkyl, cyanoalkyl, sul-
phoalkyl, carboxyalkyl or halogenoalkyl having, in
each case, 1 to 6 carbon atoms, or together with the
nitrogen atom are the morpholine ring, m’ i1s O or 1 and
w and wi independently of one another are any desired
number between 0.5 and 3, and w+ wj is at least 1, but
at most 4.

8."A process according to claim 1, which comprises
carrying out the treatment of the particular substrate in
an aqueous bath which contains the water-soluble
phthalocyanine active compound in a concentration of
0.1 to 50 mg/].

9. A process according to claim 8, which comprises
carrying out the irradiation with a filament lamp or
infra-red lamp, either in the treatment bath or outside
the treatment bath.

10. A process according to claim 8, which comprises
irradiating the substrate in sunlight.

11. A process according to claim 1 for combating
microorganisms on textile materials and for protecting
the said materials against attack by micro-organisms,
which comprises treating these materials, in the pres-
ence of oxygen and while irradiating with visible or
infra-red light, with an aqueous solution which contains
said phthalocyanine derivative.

12. A process according to claim 11 for disinfecting
goods to be washed, which comprises washing the
goods to be washed, while irradiating with infra-red or
visible light, in a wash liquor which contains, in addi-
tion to conventional constituents of washing agents,
0.001 to 100 ppm of one or more of the phthalocyanine
derivatives.

13. A process according to claim 11 for disinfecting
or fimshing textiles, which comprises treating the latter
in a liquor which contains 0.01 to 50 ppm of said phtha-
locyanine derivative, the bath being irradiated direct
with an artificial light source or the textiles, in the damp
state, subsequently being irradiated with an artificial
light source or exposed to sunlight.

14. A process according to claim 1, which comprises
using a phthalocyanine derivative, or a metal complex
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thereof, which is substituted on the phenyl nuclei by
said acid-or basic groups.

15. A process according to claim 14, which comprises
using, as a phthalocyanine derivative having basic sub-
stituents, or a metal complex thereof, a derivative or
complex in which the phenyl nuclet contain sulphanoyl
or alkoxysulphony! groups having basic substituents
and/or quaternary ammonium groups, the total number
of substituents being between 2 and 4.

16. A process according to claim 15, which comprises
using a phthalocyanine derivative, or a metal complex
thereof, which carries, on the phenyl nuclei, substitu-
ents of the formula

R3
—S0;—NH(CH>),~N
Rq

in which n i1s a number between 2 and 12 and Rz and R4
independently of one another are hydrogen, alkyl, hy-
droxyalkyl, cyanoalkyl or halogenoalkyl having, in
each case, 1 to 12 carbon atoms, or R3 and R4 together
with the nitrogen atom to which they are bonded form
a saturated 5-membered or 6-membered heterocyclic
ring, which if desired can additionally also contain a
nitrogen atom or oxygen atom as a ring member.

17. A process according to claim 14, which comprises
using a metal-free phthalocyanine derivative.

18. A process according to claim 17, which comprises
using a phthalocyanine derivative of the formulae de-
fined in claims 8, 11 or 12, in which m is 0.

19. A process according to claim 14, which comprises
using a metal complex of a phthalocyanine derivative.

20. A process according to claim 19, which comprises
using an aluminium or zinc complex of a phthalocya-
nine derivative.

21. A process according to claim 14, which comprises
using, as a phthalocyanine derivative having acid sub-
stituents, or a metal complex thereof, a derivative or
complex which is substituted by sulpho groups and/or
carboxyl groups or radicals containing such groups.

22. A process according to claim 21, which comprises
employing a sulphonated phthalocyanine or a metal
complex thereof.

23. A process according to claim 22, which comprises
using the aluminium or zinc complex of a sulphonated
phthalocyanine having a degree of sulphonation of 1 to
4 and preferably 1.5 to 4.

24. A process according to claim 22, which comprises
using a sulphonated phthalocyanine derivative of the
formula | !

(Me)(PC—(SO3Y7),

in which PC is the phthalocyanine ring system, Y’ is
hydrogen or an alkali metal or ammonium ion, v is any
desired number between 1 and 4 (the degree of sulpho-
nation), m is O or 1 and Me is Zn, Fe(II), Ca, Mg, Na, K
or AlX, in which X is an anion, especially a halide,
sulphate, hydroxyl or acetate ion.

25. A process according to claim 24, which comprises
using a phthalocyanine derivative in which m is 1 and
Me 1s Zn or AlX.

26. A process according to claim 25, which comprises

using a phthalocyanine derivative in which m is 1 and
Me 1s AlX. |
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